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PREFACE 
This thesis examines the effects of the prairie vole, Microtus ochrogaster, on a 
grassland undergoing restoration. The study addresses these effects with respect to 
treatment plots (vole-enhanced enclosures and vole-excluded exclosures) and control 
plots, which have not had the small mammal community manipulated. This study has 
also been accepted as a manuscript for publication in the "Proceedings of the 18th North 
American Prairie Conference."1 
Two ancillary studies were also conducted. The first, reported in Appendix I, 
examines the composition and effects on plant community structure by the 
unmanipulated, small mammal community from the control plots within the area 
undergoing restoration and an adjacent area not being restored. The second, reported in 
Appendix II, investigates the effects of white-tailed deer, Odocoileus virginianus, on the 
plant community structure within the area being restored. 
The study period extends from August through October, 2000 with the exception of 
the main study, which includes additional data from a second season of sampling 
conducted June through October in 2001. As regards the 2000 season, data collected after 
October were not included in the analyses in order to examine the possible effects of 
prairie voles (and deer) on plant community structure during the primary growing season, 
however, the data are reported in Appendix III. 
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During the past 200 years, cultural practices including agriculture, grazing of 
domestic cattle and fire suppression have severely degraded, or completely eliminated, 
native prairies. Throughout the central and mid-western states only tiny remnants of 
undisturbed native grassland still exist. As such, several governmental agencies and non-
governmental groups have become involved in the restoration of degraded grassland 
sites. One recent restoration effort is at Bernheim Arboretum and Research Forest, 
located 25 miles (40 km) south of Louisville, Kentucky. Staff at Bernheim is attempting 
restoration of a 12 ha grassland that has been degraded by many years of cattle grazing, 
erosion, and the introduction of fescue, Fescue elatior. 
Little attention has been paid to the effects that small herbivores may have on the 
restoration process though effects of large grazers on plant communities is well 
documented. To examine the effects of prairie voles, Microtus ochrogaster, on the 
restoration project at Bernheim, enclosures and exclosures were established within the 
area undergoing restoration. Enclosures were enhanced with prairie voles while 
exclosures had prairie voles excluded. Unfenced control plots were also established to 
monitor the unmanipulated, small mammal population. In addition, above-ground plant 
biomass and relative frequencies of forbs, grasses, woody plants and bare areas among 
the plots were monitored. No significant differences were found among the plots in 
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terms of biomass rate of change, although, significant differences in relative frequencies 
of cover types were found among the plot types. Notably, vole-excluded plots tended 
toward more forb ground cover than grass cover over time. 
In addition, plots were created in an adjacent section of the grassland that was not 
being restored. These plots were unfenced thereby allowing us to monitor the 
unmanipulated, small mammal population. In comparison to the control plots within the 
restoration area, the trapped populations were similar in number of captures and species 
composition with the exception of pine voles, Microtus pinetorum, which were captured 
only within the unrestored plots. 
No significant difference in the biomass rate of change was found. Significant 
differences in relative frequencies of cover types were found among the plots though the 
rate of change in relative frequency of cover types between the two sites was not 
statistically significant. 
Lastly, the effects of white-tailed deer were also incidentally investigated within the 
restoration area. Studies have indicated that the browsing of deer help reduce the vigor of 
woody plants. In this study, woody plants were rarely observed within the deer 
exclosures or control plots. Grasses, however, were more prevalent within the deer 
exclosures throughout the study. 
Recent studies have indicated the importance of abiotic factors on the overall effects 
grazing has on plant community structure. During this study, the area being restored 
experienced low rainfall, which in addition to the shallow, rocky soil characteristics may 
have been more influential in determining the structure of the plant community than 
biotic factors. 
x 
INTRODUCTION 
To the casual observer, grasslands may appear as ecologically simple systems; 
however, they are remarkably diverse. Prairies provide habitat for hundreds of native 
plant and animal species, many of which are rare or endangered (Meffe and Carroll 
1997). Grasslands have developed under varied climatic conditions, yet they all have 
several features in common. They occur in terrain that is exposed to periodic droughts, 
subjected to repeated fires and dominated by grazing and burrowing species of mammals 
(Smith 1966, Anderson 1982, Outwater 1996). Grassland plants have thus evolved under 
a system of grazing, drought and periodic fire and have numerous adaptations to 
withstand such impacts (Anderson 1982). 
However cultural practices such as agriculture, fire suppression policies, elimination 
of native, large herbivores, grazing of domestic livestock and the introduction of exotic 
grass species have severely degraded, or in some cases completely eliminated, both tall 
and short grass prairies (Smith 1966, Howe 1994, Meffe and Carroll 1997). Throughout 
the central and mid-western states only tiny remnants of undisturbed native grassland still 
exist. As these habitats have diminished, so have many of the native plant and animal 
species that depended on them for existence. 
The loss of grassland habitat has led to efforts in developing techniques for restoring 
grasslands beginning as early as the 1930's. Only within the last two decades, however, 
has ecological restoration become widely recognized as a conservation strategy that is 
now a significant component in many federal and state agency programs as well as in 
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numerous private and nonprofit organizations. Restoration is still considered a young 
science and continues to involve much ongoing experimentation as well as some trial and 
error (Packard and Mutal 1997). 
Many grassland restoration projects focus only on the plant community being 
restored and on burning as the traditional tool to enhance productivity and reduce or 
eliminate exotic species. However, since herbivory is also considered an important 
controlling factor necessary for healthy grasslands, more consideration is being given to 
the role of herbivores in the restoration and maintenance of grassland systems (Howe 
1994, Packard and Mutal 1997). Grasslands respond similarly to burning and grazing 
which suggests a close coupling between the two processes in the evolution of grasslands. 
In general, grazing and burning are both considered necessary for grasslands to remain 
productive. Grasslands can produce as much as 20% more biomass than can be 
decomposed annually (Golley and Golley 1972). This excess needs to be removed by 
grazing or burning to enable seedlings that cannot germinate in the shade of dense foliage 
to reproduce, otherwise productivity declines (Knapp and Seastedt 1986, Belsky 1992, 
Outwater 1996). Both fire and grazing are considered important in increasing plant 
species diversity by reducing competition from dominant species and allowing rarer 
species to persist. In addition, both processes help to maintain patches of habitat at 
different stages enabling early and late successional species to coexist (Petraitis et al. 
1989, Ricklefs 1997). 
As an independent factor, grazers exert their own impacts on the plant community. 
By removing palatable species, they can directly affect many aspects of a plant 
community including species composition, diversity, primary productivity and standing 
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plant biomass. The effect of grazing on plant communities has been well documented for 
large vertebrates (McNaughton 1985, Belsky 1986, Facelli 1988, Gibson 1988, Vinton el 
al. 1993, Rambo and Faeth 1999). Results from several of these studies show that grazing 
by large vertebrates altered plant composition and increased plant species diversity 
mainly by changing the competitive hierarchy. 
Though not as well documented, several studies indicate that small mammals also 
play an important role in the structuring of plant communities. Plant species richness 
increased in habitats exposed to grazing by small mammals such as woodchucks, rabbits 
and small rodents versus habitats where the small mammals were excluded (Bowers 
1993). The grazing of woodchucks was found to be an important agent in allowing areas 
to become available to colonizing plant species (English and Bowers 1994). Rodent 
herbivory was shown to reduce the encroachment of woody species into grasslands and 
savannas by foraging on tree seeds or seedlings (Ostfeld and Canham 1993, Ostfeld et al. 
1997, Weltzin et al. 1997). Researchers have also recently documented that the small 
mammal community can have a dramatic affect on above-ground biomass in various 
types of grasslands, reducing it in some cases by as much as 50% or more (Hulme 1996, 
Howe and Brown 1999, Keesing 2000). 
As the effects of large, grazing mammals on plant communities are becoming better 
understood, management of large herbivores is now being considered an integral 
component of many efforts to restore or help maintain biodiversity in grasslands (Packard 
and Mutal 1997, Olff and Ritchie 1998). However, large grazing mammals, with the 
exception of white-tailed deer, Odocoileus virginianus, are absent from most remnant 
prairies east of the Mississippi and, as a result, rodents and rabbits are now the most 
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abundant native, vertebrate herbivores in most grasslands. Because small mammals have 
been shown to be an important force on the community structure of plants, research that 
describes the influence of native, small herbivores on restoration projects is potentially 
crucial, especially given the high cost and intensive time requirements involved in 
restoration. 
In this study, we explore the effects of a small, native herbivore, Microtus 
ochrogaster, on a grassland undergoing restoration. Prairie voles are considered abundant 
throughout most of the mid-western prairie and are found both in and around the study 
site. As grazers that feed primarily on grasses, prairie voles have the potential to alter the 
plant community by selective foraging. 
Due to a lack of prior research on grazed versus ungrazed habitats during the initial 
stage of grassland restoration, this investigator hopes to provide insight on the impacts a 
prairie vole population has on above-ground biomass during the first two seasons of a 
grassland restoration project. Studies have reported dramatic decreases in biomass in 
areas grazed by small mammal herbivores, in some cases within relatively short time 
periods, though the magnitude of the impact was usually mediated by environmental 
conditions (Batzli and Pitelka 1970, Ostfeld 1994, Hulme 1996, Keesing 2000). In 
addition, since grassland plant communities are often heterogeneous on a fine scale, 
relative frequency of ground cover types was also examined to explore another level of 
possible impacts by prairie voles during the restoration project. 
MATERIALS AND METHODS 
Study Site 
The study was conducted in the research forest at the Bernheim Arboretum and 
Research Forest in Clermont, Kentucky. The research forest includes several scattered 
patches of grasslands that have been subjected to such disturbances as agricultural use, 
fire restriction and invasion by exotic species. One such grassland, Golden Eagle Ridge, 
was the site for this study. Golden Eagle Ridge is a 12 ha (30 acres) upland grassland 
that has been degraded by years of cattle grazing. The site is believed to have once been a 
mixed-grass prairie but has become dominated by fescue, Festuca elatior, and eastern red 
cedar, Juniperus virginiana and is an area Bernheim is attempting to restore. 
The grassland is atop a south-facing ridge underlain with limestone. The surface is 
characterized as having thin soil with clay subsoil. In eroded areas, rock and gravel are 
predominant. The average, annual rainfall is 115 cm (45.3 in) (Bernheim Arboretum and 
Research Forest weather records). 
Site Preparation 
Small mammal and vegetation sampling were conducted during two seasons using 
the same methodology except where noted. Preparation of the site being restored (i.e., 
controlled burn, herbicide application, mowing and seeding) was scheduled and 
conducted by Bernheim staff. For season I, 7.2 ha (18 acres) of Golden Eagle Ridge were 
burned on March 23, 2000 to reduce or eliminate the establishment of exotic and woody 
species. A week after the burn, the commercial herbicide Plateau™ was applied to 
approximately 4 ha (10 acres) at a rate of 236ml/0.4 ha (8 oz/acre). Plateau™ has been 
shown effective against fescue, an aggressive, sod-forming grass that outcompetes many 
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other plants. Several native warm-season grasses and native forbs, however, appear 
tolerant to Plateau™ (Washburn et al. 1999). 
The 4 ha were seeded with native prairie plants in late May into early June. The 
seeds were mixed together and included three grass species (Indian Grass, Sorghastrum 
nutans, Side-oats Grama, Bouteloua curtipendula, Little Bluestem, Schizachyrium 
scoparium) and two species of forbs (Marsh Blazing Star, Liatris spicata, and Grey-
headed Coneflower, Ratibida pinnata). The mixture was distributed with a seed drill at a 
rate of 100 seeds per meter (3.28 ft) and depth of approximately 1 cm (0.4 in). Areas 
inaccessible to the drill were seeded by hand. Lastly, in late June, the 4 ha site was 
mown in an effort to hold back woody species and keep cool-season species from 
flowering. 
Shortly after the site was mown, nine study plots were established within the 4 ha 
of treated area. Plot locations were chosen based on similarity of vegetation, slope and 
soil type. All plots were 30 m x 30 m (.088 ha) in size. Six of the plots were fenced using 
60 cm (24 in) high steel flashing. Designation of fenced plots to be enhanced with voles, 
or for which voles were to be excluded, was randomly decided. The three remaining plots 
were left unfenced and open to unmanipulated small mammal populations and thus used 
as controls. 
For season II, the previously burned area of Golden Eagle Ridge was again 
burned on March 19, 2001. However, seeding did not occur and Bernheim staff chose to 
apply the commercial herbicide Plateau™ and mow only inside the fenced plots. As a 
result, sampling was conducted only within the fenced plots allowing only enclosures and 
exclosures to be compared during season II. 
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Treatments 
Enclosures were stocked with prairie voles captured from nearby fields to 
enhance population density relative to the exclosures and control plots. To determine the 
number of individual voles to place in the enclosures, population densities (per hectare) 
reported for wild populations were evaluated. Prairie vole populations in Illinois, Indiana 
and Kansas showed wide variations in density. Numbers ranged as high as 120/ha at peak 
population times but fell as low as 4/ha (Taitt and Krebs 1985, Jike et al. 1988). Studies 
measuring home ranges of prairie voles supported that 30 m x 30 m sized plots were 
sufficient in area to support the stocked population (Meserve 1971, Jike et al. 1988). 
A careful attempt was made to maintain equal ratios of sex and each age class when 
adding voles to each enclosure. Age class was defined as juvenile, sub-adult or adult. 
Both pelage and weight were considered when assessing age class. Prior to being placed 
in an enclosure, each vole was marked for individual identification and weighed to the 
nearest gram. Fences were routinely checked for any signs of animals digging or 
burrowing under the fence and were maintained as needed. 
Whereas enclosures enhanced vole populations, exclosures excluded prairie voles 
from grazing on vegetation, and all control plots allowed access of the entire grazing 
community. No systematic attempt to survey for or monitor levels of herbivory by insects 
or other taxa was conducted, nor was rabbit abundance quantified; however, sightings 
indicated that they were common in the study area. Since neither the enclosures nor the 
exclosures were designed to keep out insects, birds, or deer, their effects must be viewed 
as additional to any effect voles had on plant performance. Attempts were made to 
minimize the effects of mice by consistently trapping them out of both enclosures and 
exclosures as mice were agile enough to freely climb over the fences. All mice trapped 
during this study were from the genus Peromyscus. Due to the similarity in appearance 
among certain species in this genus (e. g., white-footed mice, Peromyscus leucopus, and 
deer mice, Peromyscus maniculatus), mice were identified only to genus. 
Small Mammal Trapping 
All plots contained 20 Sherman live-traps placed 7 m (23 ft) apart in a grid 
formation with the spring-loaded door facing east. The beginning of each trap line was 
more than a meter from the fence in order to avoid "wall" effect. Traps were baited with 
scratch grain and, if nightly temperatures went below 10°C (50°F), included poly-fill for 
bedding. Trapping inside the enclosures was done to monitor the population density, sex 
ratio and age class of prairie voles throughout the study. All other small mammals caught 
were released outside the enclosures to minimize any impact on vegetation by non-prairie 
vole species. Similarly, small mammals trapped inside exclosures were released outside 
the plot except prairie voles, which were used as stock animals and released inside an 
enclosure. Control plots were trapped to monitor the recovery of abundance and 
composition of the natural, small mammal community. All small mammals captured in 
the control plots were marked for individual identification, weighed to the nearest gram 
and had their sex and age class recorded. Individuals were released in the same plot in 
which they were caught. 
During season I (2000), trapping sessions began in early August and were conducted, 
on average, every two weeks through October. Six individual voles were placed in each 
enclosure initially with voles continually added throughout the study (an average of two 
per plot every two weeks). Voles were regularly added to ensure that the population 
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within enclosures remained greater than that in the control plots. Traps were set either for 
one night or two consecutive nights just prior to sunset and checked the next morning 
beginning one half-hour after sunrise. Due to a very low number of recaptures throughout 
season I for both enclosures and control plots, population estimates for captured species 
were not calculated. 
During season II (2001), trapping sessions began in June and continued through 
September and were conducted a minimum of once a month, though generally twice a 
month. As with season I, voles were continuously added to enclosures throughout the 
sampling season. On average, two to three voles were added per plot per month during 
May and June while one to two voles were added per plot per month during the 
remaining months. Similar to season I, the number of recaptures were very low 
throughout season II, thus population estimates for species captured in enclosure plots 
were not calculated. 
Vegetation Sampling 
During season I, vegetative sampling began in early August and occurred 
approximately every 40 days through October. Above-ground biomass was measured by 
sub-sampling 20 randomly located 10 cm x 10 cm (1.55 square inches) sites within each 
30 m x 30 m plot. Sub-sampling sites were randomly determined by using Microsoft® 
Excel to generate a set of random numbers between 0 and 30. The numbers, representing 
meters, were used to select a point along a measured edge of the plot (X-coordinate) with 
a second random number used to select a point on a transect running perpendicular to the 
measured edge (Y-coordinate). The point of intersection of the two coordinates was the 
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sampled site. Samples collected within a plot were combined and dried for a total of 28 
hours at approximately 48 °C (118°F) and weighed to the nearest 0.01 g. 
For season II, biomass sampling was conducted in June, July and October. Unlike 
season I, individual biomass samples were not combined prior to being dried and 
weighed. 
Frequencies of grasses, forbs, woody species and bare areas (cover categories) were 
measured by placing 1 square meter quadrats (10.8 square feet), which consisted of 10 
evenly spaced, horizontally crossed wires, on 18 randomly located sites within each 30 m 
x 30 m plot. Only the plant or bare area located directly under the point where the wires 
intersected was recorded. One exception to the sampling protocol was during the August 
pretreatment quadrat sampling, which included only six sub-sampling sites per plot for all 
plots. For season II, sampling of category frequency was conducted in July, August and 
September. 
Statistical Analysis 
To compare rate of change of biomass over time among treatment plots (enclosures 
and exclosures) and control plots for season I, a linear regressions of biomass against 
time were performed using GraphPad Prism® version 3.02 for Windows. Prism was then 
used to statistically compare the slopes of the regression lines using the method in Zar 
(1999). This method was utilized because individual biomass samples from each plot for 
a given date were inadvertently lumped together. 
For season II, slopes of linear regressions of biomass were compared against time 
based on individual biomass samples and Mann-Whitney U-tests were performed to 
compare median biomass values between the two treatments. 
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To compare relative frequencies of cover types (grass, forbs, woody plants and bare 
areas), pairwise comparisons between treatments (and among treatments and controls for 
season I) for goodness of fit were performed using replicated G-tests (Sokal and Rohlf 
1981). The G-test yields three different results: Gh (G for heterogeneity) indicates the 
variation among replicates within treatments, Gp (G for pooled) is an indicator of the 
differences between frequency distributions of pooled observed frequencies and expected 
frequencies, and Gt (G for total) measures the total variation within and between the 
compared frequency distributions. The expected frequencies were the pooled frequencies 
of cover types from the other treatment type in each pairwise comparison. Controls were 
used as the observed frequencies in control versus treatment comparisons and exclosure 
treatments were used as the observed frequency in enclosure versus exclosure 
comparisons. Woody plants were excluded during season I analysis since they were 
rarely recorded. 
Comparisons of the rate of change in frequency of each cover type (except woody 
plants in season I) over time between treatments (and treatments and control for season I) 
were examined by performing a linear regression using GraphPad Prism®. Data were 
first transformed using the arcsine transformation, appropriate to proportions which form 
a binomial distribution rather than a normal distribution. 
A one-way analysis of variance (ANOVA) was performed to compare the variability 
among group means and variability within group means for each cover type (except 
woody plants) by month among treatments and controls for season I. Data were first 
transformed using the arcsine transformation. None of the ANOVAs were found to be 
statistically significant and are not further discussed. 
Paired sampled t-tests were performed to compare mean values for each cover type 
by month between enclosure and exclosure treatments for season II. Data were first 
transformed using the arcsine transformation. 
RESULTS 
Small Mammal Survey 
Prairie voles were captured in all three plot types (control, enclosure and exclosure) 
during season I (Table 1). Fifty-four prairie voles were captured within the enclosures 
with only one capture being a recapture. In contrast, four prairie voles were captured 
within control plots. The prairie vole population trapped within the enclosures remained 
greater than the trapped population within control plots, indicating the enclosures 
maintained an enhanced population throughout the first season. A total of 18 Peromyscus 
spp. were captured in control plots with six captures being recaptures whereas only two 
Peromyscus spp. were captured and removed from enclosure plots. A total of two prairie 
voles and 13 Peromyscus spp. were trapped out of exclosure plots. 
During season II, prairie voles were captured within both enclosure and exclosure 
plots (Table 1). Eighteen prairie voles were captured within the enclosures with three 
captures being recaptures. Thirty Peromyscus spp. were captured and removed within 
enclosures. A total of three prairie voles and 37 Peromyscus spp. were captured and 
removed from exclosures. 
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Table 1. The number of prairie voles captured within enclosure, control and exclosure 
plots per month for season I and within enclosures and exclosures for season II. Numbers 
in parentheses represent recaptures. 
Month Enclosures Controls Exclosures 
Season I 
Aug 18 0 2 
Sep 15 2 0 
Oct 21(1) 2 0 
Season II 
May 3 0 0 
Jun 6(1) 0 0 
Jul 1 0 0 
Aug 5(1) 0 1 
Sep 3(1) 0 2 
Biomass 
For season I, rates of change of biomass over time were compared among treatment 
plots and controls plots (Figure 1). The slopes of the regression lines for the enclosure 
treatment (vole enhanced) and the control plots showed a decreasing trend in biomass 
over time whereas the slope of the exclosure plots showed an increasing trend. No 
significant differences were found among the slopes of any of the regression lines. 
During the second season, treatment plots were compared (Figure 2) and, as with 
season I, no significant difference was found in the rate of change in biomass between 
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enclosures and exclosures. Slopes of the regression lines for both types of treatment plots 
showed a decline in biomass over time (each slope was significantly different from zero; 
PO.OOOl for each slope). 
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Figure 1. Rate of change of biomass overtime among treatment and control plots in season I. Symbols 
represent the biomass value for each replicate within a treatment. For comparison between enclosure and 
exclosures FU4=0.528, P=0.479. For enclosures vs. controls FU4=0.528, P=0.479. For exclosures vs. 
controls F[
 14=0.524, P=0.481. Regression equations for enclosure, exclosure and control, respectively are 
biomass=100.60 + -0.261(time), biomass=29.590 + 0.077(time) and biomass=70.830 + -0.158(time). 
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Figure 2. Rate of change of biomass over time between treatment plots in season II. Symbols represent the 
mean value of replicates within a treatment. Error bars represent the standard error of the mean. For 
comparison between enclosure and exclosures Fij476=0.146, P=0.703. Regression equations for enclosure 
and exclosure, respectively are biomass=4.551 + -0.016(time) and biomass=4.549 + -0.014(time). 
Mann- Whitney U tests revealed no strongly significant differences in the 
comparison of median biomass values for enclosure and exclosure treatments for season 
II, though for two dates, June and October, the differences were marginally significant at 
the p<0.05 level. For June, median values in enclosures and exclosure treatments were 
0.965g and 1.67g, respectively, with p=0.074. For October, median values in enclosures 
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and exclosure treatments were 3.795g and 4.225g, respectively, with p=0.064. The p-
values for the other comparisons ranged between 0.334 and 0.424. 
Relative Frequencies 
Relative Frequencies of Cover Types (grasses, forbs, woody plants and bare areas) 
To compare the relative frequencies of grass and forb ground cover as well as the 
amount of bare ground, pairwise comparisons were conducted by month among 
treatments and controls utilizing G-tests. For season I, all pairwise comparisons of 
samples were highly significant indicating that the frequency of cover types represented 
in the treatments and controls throughout the first season were statistically different 
(Table 2). Variation was also found to be high among replicates within treatments and 
controls. 
In season II, comparison of the relative frequencies of cover types included woody 
plants. All pairwise comparisons of samples were significantly different indicating that 
the frequency of cover types between the two treatments remained different (Table 2). As 
in season I, variation among replicates within treatments for season II was also 
significant. 
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Table 2. Results of pairwise comparisons of relative frequency for cover types (grass, 
forb, woody plants and bare areas) by month. 
Date Comparison Gh Gp Gt 
Season I 
8/5/00 C v. En* 
Cv. Ex 
Ex v. En 
9/8/00 C v. En 
Cv. Ex 
Ex v. En 
10/21/00 Cv. En 
Cv. Ex 
Ex v. En 
Season II 
7/20/01 Ex v. En 231.26, p<.0001 98.27, p<.0001 329.53, p<.0001 
8/15/01 Exv. En 843.71, p<.0001 63.06, p<.0001 906.77, p<.0001 
9/22/01 Exv. En 710.34, p<.0001 40.70, p<.0001 751.04, p<.0001 
9/28/01 Exv. En 695.05, p<.0001 55.26, p<.0001 750.31, p<.0001 
*C=control, En=enclosure, Ex=exclosure 
377.13, p<.0001 
519.08, p<.0001 
519.08, p<.0001 
1036.09,p<.0001 
1097.23,p<.0001 
1036.09, p<.0001 
1058.62,p<.0001 
1096.91,p<.0001 
1096.91, p<.0001 
111.17, p<.0001 
19.45, p<.0001 
46.00, p<.0001 
258,20, p<.0001 
56.82, p<.0001 
78.18, p<.0001 
392.48, p<.0001 
451.45, p<.0001 
41.11, p<.0001 
488.30, p<.0001 
538.54, p<.0001 
565.08, p<.0001 
1294.30,p<.0001 
1154.05, p<.0001 
1114.27,p<.0001 
1451.1 l,p<.0001 
1548.36, pc.OOOl 
1138.02,p<.0001 
The proportion of forb and grass ground cover types and bare areas recorded within 
each treatment and control by month for season I are represented in Figure 3. Overall, 
bare areas tended to be the least represented proportionately in the samples. Within 
enclosure treatments, forbs were observed in similar or greater proportion to grasses 
throughout the sampling period. The opposite was observed as regards the control areas 
where, in general, a larger proportion of grasses was observed. Within the exclosure 
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treatments, the proportion of grasses observed versus forbs observed alternated between 
one cover type being represented more than the other over the sampling period. 
Exc. | Enc. 
8/5/2000 
Exc. | Enc. 
9/8/2000 
Exc. | Enc. 
10/21/2000 
• Forb 
• Bare 
• Grass 
Figure 3. Proportion of cover types (forb, grass and bare areas) for treatment and control plots per 
month in season I. 
Though more prevalent than in season I, woody plants were generally the least 
represented proportionately in the samples during season II, followed by bare areas. 
Within both treatments, the proportion of grasses and forbs were almost equally 
represented throughout the sampling period (Figure 4). 
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Rate of Change Over Time in Frequency of Cover Types (grasses, forbs, woody plants 
and bare areas) 
For season I, analysis of the slopes of the regression lines comparing rate of change 
over time for cover types yielded three significant regressions at the p<0.05 level 
(Table 3). The slopes of the regression lines comparing rate of change in bare areas 
between enclosure treatments and control plots were significantly different. The 
frequency of bare areas within enclosure treatments decreased over time, whereas the 
frequency within the control plots remained relatively stable. The slopes of the regression 
lines comparing rate of change in frequency of forbs between exclosure treatments and 
control plots were significantly different. The frequency of forbs within exclosure 
treatments increased over time, whereas the frequency within the control plots slightly 
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decreased. The slopes of the regression lines comparing rate of change in the frequency 
of grasses between the two treatments were also significantly different. The frequency of 
grasses within exclosure treatments decreased over time, whereas the frequency within 
the enclosure treatments increased. 
In addition, the slopes of the regression lines comparing rate of change in the 
frequency of forbs between enclosure and exclosure treatments were found to be nearly 
significant at the p<0.05 level (Table 3). Frequency increased within exclosure treatments 
but appeared to remain stable over time within enclosure treatments. All other 
comparisons of cover type frequencies for season I were not significantly different with 
p-values ranging from 0.178 to 0.460 (Table 3). 
For season II, the differences in slopes of the regression lines for bare areas and for 
woody plants, respectively, between the two treatments, were not quite significant at the 
p<0.05 level (Table 3). The frequency of bare areas within enclosure and exclosure 
treatments increased over time though the increase was not as great within the exclosure 
treatments. The frequency of woody plants within enclosure treatments decreased over 
time, whereas the frequency within exclosure treatments remained stable. All other 
comparisons of cover type frequencies for season II were not significantly different, with 
p-values ranging from 0.648 to 0.933 (Table 3). 
Table 3. Comparisons of regression line slopes measuring rate of change in frequency of 
each cover type (except woody plants in season I) overtime between treatments (and 
control for season I). 
Season I Fdf and p-values Regression equation for treat.& cont. 
Bare En v. Ex* Fi,224=0.834, P=0.3621 Enbare freq =0.7138+-0.0022(time) 
Env. C Fi,224=4.602, P=0.0330 Ex
 bare freq.=0.5281+-0.0010(time) 
Ex v. C Fi,224=1-823, P=0.1783 c
 bare freq.=0.2495+0.0010(time) 
Forb En v. Ex F1;224=2.8, P=0.0957 En forb freq.=0.9846+0.0008(time) 
Env. C FI ;224=0.549, P=0.4595 Ex forb freq.=0.35 02+0.0024(time) 
Ex v. C FI,224=5.035, P=0.0258 c fo rb freq.=1.009+-0.0024(time) 
Grass En v. Ex Fi,224=4.564, P=0.0337 En
 grass freq =0.0585+0.0028(time) 
En v. C Fi,224=0.999, P=0.3185 Ex grass freq.=0.8280+-0.0013(time) 
Ex v. C Fi,224=0.847, P=0.3585 c grass freq.=0.5689+0.0007(time) 
Season II Regression equation for each treat. 
Bare En v. Ex FL380=2.8 1 9, P=0.0940 t n bare freq =0.0191+0.0021 (time) 
Ex
 bare freq.=0.2603+0.0009(time) 
Forb En v. Ex FU8o=0.007, P=0.9327 En forb freq.=0.5382+0.0005(time) 
Ex
 forb freq.=0.5926+0.0004(time) 
Grass En v. Ex FU80=0.209, P=0.6478 En grass freq.=0.8370+-0.0010(time) 
Exgrass freq.=0.701 l+-0.0004(time) 
Wood En v. Ex FU80=3.219, P=0.0736 En wood freq.=0.5045+-0.0014(time) 
Ex
 wood freq.=0.3219+-0.0040(time) 
*C=control, En=enclosure, Ex=exclosure, Time=days after burn 
Paired sample t-tests revealed two comparisons that were significantly different in 
mean values for cover types in season II (Table 4). Means of bare areas between 
treatments in August and of forbs in late September were significantly different with the 
greater mean value recorded in exclosure treatments for both. Paired sample t-tests 
revealed three comparisons that were nearly significant at the p<0.05 level (Table 4). Of 
these, woody plants had a greater mean value in enclosure treatments for July and in 
exclosure treatments for mid-September. In late-September, bare areas had a greater 
mean value in enclosure treatments. All other comparisons were not significant with p-
values ranging from 0.155 to 0.937. 
Table 4. Comparison of the mean for cover types by month 
between enclosure and exclosure treatments in season II. 
Date Cover Type Mean 
enclosure 
Mean 
exclosure 
t Df P 
7/20/01 Wood 0.329 0.260 1.849 53 0.070 
8/15/01 Bare 0.291 0.381 -2.526 53 0.015 
9/22/01 Wood 0.191 0.244 -1.944 53 0.057 
9/28/01 Forbs 0.575 0.667 -2.293 53 0.026 
9/29/01 Bare 0.503 0.422 1.936 53 0.058 
DISCUSSION 
The effects of grazing mammals on plant communities are becoming better 
understood and the role of vertebrate herbivores is now being considered in many efforts 
to restore grasslands as well as in efforts to maintain biodiversity of established native 
prairies (Packard and Mutal 1997, Olff and Ritchie 1998). In this study, the results from 
season I revealed a decreasing trend in above-ground biomass for both enclosure and 
22 
23 
control plots. Biomass appeared to increase slightly within exclosures over season I 
though no statistically significant differences in biomass rates of change were found 
among treatments and controls. The second season results showed a greater decline in 
above-ground biomass for both enclosure and exclosure treatments. 
A decline within enclosure and control plots might be expected since both were 
subjected to more grazing pressure by small mammal herbivores than exclosure plots. A 
study examining the effects of three different types of herbivores ~ rodents, arthropods 
and mollusks - revealed that rodents not only exerted the greatest influence on grassland 
plant performance by reducing biomass by as much as 50% but also substantially 
increased plant mortality (Hulme 1996). Mollusks, on the other hand, significantly 
decreased plant numbers; however, plants appeared more capable of compensating for 
biomass loss by the grazing of mollusks than by rodents. Compensation for tissue loss to 
defoliation has been reported to occur in grasses as well as in other plant species 
(Elmqvist et al. 1987, Vinton and Hartnett 1992, Paige 1999). Arthropods were found to 
have had only a minor impact on either biomass or plant survival. 
The observed trends in above-ground biomass during this study, however, may have 
been influenced by several factors, one being the additive effects of not only various 
types of herbivores but also various granivorous species (e.g. Peromyscus spp., seed-
eating birds). Howe and Brown (1999) examined the effects of granivory and herbivory 
by small vertebrates. Their study showed that seed eating by birds and browsing by 
rodents had major, additive impacts on biomass. In high and low density plantings, seed-
eating birds reduced grass biomass by 24% to 34%, respectively, whereas meadow voles, 
24 
Microtus pennsylvanicus, reduced forb biomass by 35% in high density plant 
communities and by as much as 57% in low density communities. 
Another factor possibly influencing the amount of above-ground biomass is the 
quality of plant types. The abundance of food eaten has been shown to depend on the 
digestibility of the food (Batzli and Cole 1979). When feeding on highly digestible 
plants, voles needed less food. With lower digestibility, the voles typically needed to 
increase their intake. Thus, voles would adjust their intake to meet their nutrient 
requirements. 
In this study, environmental conditions, in addition to treatments applied to the study 
plots at the beginning of each season (burning, herbicide application, mowing and 
seeding in season I), may have created differences in the starting point of the plant 
community before being measured. Herbicide application and mowing are intended to 
reduce if not eliminate invading weedy species. Annual fires aid in removing existing 
biomass so new seedlings can grow up and replace older individuals (Belsky 1992). 
Regrowth after a burn can be affected by many factors including precipitation before and 
after the burn as well as humidity and wind speed during the burn, which affect the 
temperature of the fire and its overall effectiveness (Anderson 1982). For the region 
incorporating the Bernheim Forest, the average precipitation for months after the burn 
through the sampling season (April through October) for the past 10 years was 32 in (81 
cm). For the same period in the year prior to season I, the average precipitation was 18 in 
(46 cm). In 2000 and 2001, the average precipitation was 25 in (63 cm) and 27 in (68 
cm), respectively. All years had less than average rainfall, possibly yielding drier 
conditions, particularly for season I but also for season II (data from the Kentucky 
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Climate Center at Western Kentucky University). Drier conditions may result in less 
productivity overall and inhibit our ability to detect differences among treatments. 
Several studies cite that the magnitude of the effects on biomass appears to be mediated 
by habitat characteristics (Crawley 1983, Whitham et al. 1991, Hulme 1996). 
Along with above-ground biomass, the relative frequency of cover types was 
examined to explore another level of possible impacts by small mammal grazers on the 
plant community during the restoration project. High variation within plots made it 
difficult to interpret the results of the cover type analysis. In general, determining the 
cause of variation can be complex since many factors exert an influence on plant 
community composition, including fire, grazing and abiotic factors such as soil type and 
moisture. Burning, for example, aids in controlling the invasion of woody plants into 
grasslands yet may foster the growth of grasses (Anderson 1982). The effects of grazing 
can yield different results based on the number and types of herbivores present. Food 
preference of herbivores can also alter grazing patterns. Food preference in prairie voles 
may have had a role in our results when examining the frequency of forb and grass cover 
types. 
Within enclosures during season I, the frequency of grasses increased over time. 
Forbs were generally found in higher proportions than grasses throughout the season but 
the frequency of forbs over time appeared to remain the same. These results suggest that 
forbs may have been affected more by grazing than grasses. Fleharty and Olson (1969) 
trapped most prairie voles in stands of grass rather than forbs though stomach content 
analysis revealed most voles consumed a larger percentage of forbs. Batzli and Cole 
(1979) also found a higher proportion of forbs than grasses in the diet of prairie voles. In 
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this study, in plots where voles were excluded, the frequency of forbs increased over time 
while the frequency of grasses decreased though it was not within the scope of this study 
to determine whether the decline was due to competition with forbs or other factors. 
In the second season, the frequency of forbs remained fairly stable within both 
treatments, but unlike season I grass frequencies decreased within enclosures. Though 
certain studies indicate a preference by voles to forage on forbs over grass, overall, what 
is eaten most may depend on the availability and quality of the forage. Fleharty and 
Olson (1969) found the availability of plants and their growth stage and palatability to be 
influencing factors on what was eaten. Zimmerman (1965) found that prairie voles tended 
to utilize the most abundant plant species on a seasonal basis. For example, grasses were 
exploited most when they were green and succulent. 
Woody plants were the least represented proportionately in the samples for season I 
and II. This finding was not unexpected as in both seasons the study area was burned and 
mowed prior to sampling. These treatments are administered, in part, to reduce or 
eliminate the establishment of woody plants. In season II, the relative frequency of 
woody plants appeared to decrease over time in both enclosure and exclosure plots with 
the former showing a more dramatic decline. Enclosure plots were enhanced with prairie 
voles which have been implicated as a major problem where people plant trees, causing 
stem injury in several species of hardwoods as well as conifers (Jokela and Lorenz 1959). 
Both Microtus and Peromyscus have been reported as having a strong impact on 
preventing the expansion of woody species into open habitats during the initial stages of 
succession in studies conducted in "old fields" (e.g., abandoned farmland) (Ostfeld et al. 
1997, Ostfeld 2002). Despite attempts to minimize their effects by regularly trapping 
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Peromyscus out of both enclosures and exclosures, mice were regularly found within 
enclosure and exclosure plots during season II. Furthermore, neither the enclosures nor 
exclosures were designed to keep out deer. Anderson (1982) reported that the browsing 
of deer may help reduce the vigor of woody plants. 
In examining the relative frequency of bare areas during season I, there was a 
significant difference in the frequency of bare areas over time within control and 
enclosure plots. Bare areas slightly increased in control plots but declined over time 
within enclosures. Grazing by small herbivores allows areas to be colonized by plant 
species (English and Bowers 1994). Grazing can also reduce competition from dominant 
species, thus allowing rarer species to persist or become better established (McNaughton 
1983, Petraitis et al. 1989, Olff and Ritchie 1998). The effect of grazing as an agent that 
aids the colonization of rare or less dominant plant species may have been lessened 
within control plots as grazers were free to move into adjacent areas that were not within 
the study area. Such effects may also be lessened by a lower population density of grazers 
in control plots than in enclosure plots. 
Unlike season I, the relative frequency of bare areas increased within enclosure plots 
during season II. The overall effects of herbivory on the structure of a plant community 
can vary depending on a set of factors that are both intrinsic and extrinsic to plants 
(Bowers 1993). Studies examining the variability in the effects of large herbivores on 
plant abundance and diversity found that the effects often depend on spatial scale and 
environmental gradients of soil nutrients and moisture (Houston 1994, Olff and Ritchie 
1998). The observed impacts on vegetation by the small mammal community in the 
Chilean semiarid zone suggested that, during years of low rainfall, abiotic factors were 
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more important in determining the composition of the plant community structure than 
hiotic factors such as grazing, because plants were limited by rainfall and nutrients 
(Gutierrez et al. 1997). Enduring dry conditions in season II may have resulted in lower 
germination rates of seeds allowing for more bare areas to exist and perhaps persist due 
to herbivory/granivory. 
Soil fertility and precipitation gradients are not only important in explaining patterns 
of herbivore effects on plant community but can also play a role in determining herbivore 
composition and abundance (Weltzin et al. 1997, Olff and Ritchie 1998, Keesing 2000). 
Stokes and Slade (1994) found during years of normal precipitation in the spring and 
summer, prairie voles increased their numbers from spring to fall. In years where spring 
and fall precipitation was well below normal, vole numbers decreased, perhaps due to an 
increase in predation from lack of vegetative cover. In general, the composition of the 
small mammal community in a grassland is largely determined by the structural attributes 
of the habitat (Grant et al. 1982). Dry conditions on nutrient-poor soil often have low 
productivity and may be able to support only a few small herbivores (Olff and Ritchie 
1998). The soil throughout the study area has been described as well drained and 
generally thin and poor often with a gravelly surface (Claggeft 1976, Whitaker and 
Waters 1986). Due to the poor soil attributes in the study area in addition to low rainfall 
and low numbers of trapped or recaptured small mammals during the study, vegetation in 
this study may have been influenced more by environmental factors than by grazing. 
CONCLUSION 
Small rodent herbivory may be a potent force in the establishment and maintenance 
of grasslands. The strength of their effects, however, may depend on habitat attributes 
such as soil fertility and water availability as well as the competitive abilities and 
palatability of individual plant species. Furthermore, how a plant community responds to 
herbivory may differ spatially based on environmental gradients of soil nutrients and 
moisture and how those factors change over time. These results showed that the relative 
frequency of cover types varied among treatments and controls within and between 
sampling seasons. Trends in above-ground biomass also differed between sampling 
seasons. To better evaluate the development of a grassland undergoing restoration as 
regards the impacts small mammal grazers may have on the process, long-term 
observations of the process would be beneficial. Exclosure studies conducted over several 
years have suggested that differences or trends observed during the first years of the 
study may not be indicative of what occurs in later years (Rambo and Faeth 1999, 
Schweiger et al. 2000, Manson et al. 2001). A study that measured the effects of different 
density levels of prairie voles on tall-grass prairies found that treatments tended to have 
more of an impact during early succession of the plant community than on the established 
mature communities (Gibson et al. 1990). However, in some cases, differences observed 
early on between grazed and ungrazed sites only became more pronounced as time went 
on (Batzli and Pitelka 1970, Inouye et al. 1982, Bowers 1993). 
In a process such as restoration, even minor differences may accumulate over time 
and exert an influence especially when they occur early in the restoration process. As 
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such, the role of Microtus and other small mammal species should be considered 
conjunction with other processes that contribute to the development of grassland. 
APPENDIX I 
In addition to the plots established within the area undergoing restoration, three 30 m 
x 30 m plots were created in an adjacent section of the grassland not being restored. 
These three plots were left unfenced and open to unmanipulated, small mammal 
populations. Comparisons between the control plots within the restoration area and the 
unrestored plots were made with respect to the composition of the small mammal 
community, rate of change in biomass and relative frequency of cover types during the 
primary growing season (August through October) during season I. The control plots 
were trapped to monitor the recovery of abundance and composition of the natural, small 
mammal community after a controlled burn. Plots in this adjacent area were trapped to 
gauge the natural, small mammal community in an area not burned. 
Trapping protocols and vegetation sampling protocols for the unrestored plots were 
the same as described in the Materials and Methods section for control plots. Vegetation 
data were examined using similar statistical analyses as described in the Materials and 
Methods section except with the addition of a paired sampled t-test to compare mean 
values for each cover type by month between the control and unrestored plots. 
Summary of Small Mammal Community 
Small mammals identified within the unrestored plots included M.ochrogaster, M. 
pinetorum, Peromyscus spp. and Blarina spp. Since Blarina spp. are insectivores, these 
individuals were omitted from the analysis. 
Microtus accounted for the majority of captures within the unrestored plots (57%), 
due primarily to the presence of pine voles which were not captured within the control 
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area, whereas Peromyscus dominated the captures within the control plots (73%) (Table 
5). 
Table 5. Small mammals captured in the unrestored plots and control plots. 
Species # Recaps Age Class 
Unrestored Prairie Vole 5 2 Adults 
Pine Vole 11 2 Adults withl sub-adult 
Peromyscus spp. 9 0 Adults and sub-adults 
Control Prairie Vole 4 0 Adults 
Pine Vole 0 0 n/a 
Peromyscus spp. 12 1 Adults 
The sex ratio for the trapped populations of Microtus and Peromyscus in both 
areas was approximately equal except for the trapped population of Peromyscus within 
the control plots, which consisted predominantly of females. The trapped population of 
prairie voles was similar between the control and unrestored plots with regard to the 
number of captures and composition. However, the unrestored site contained pine voles, 
which were not trapped within the control plots. Pine voles are noted as commonly 
inhabiting forests and woodland habitat as well as grassy fields (Smolen 1981). Plots 
within the unrestored site were grassy areas nestled within cedar woodland whereas the 
control plots were cleared of cedars either manually or by the prescribed burn. Within 
the control plots, Peromyscus were more commonly trapped than Microtus. Similar to 
this study, Schram and Wilcutt (1983) found prairie voles in both burned and unburned 
areas but reported finding Peromyscus spp. almost exclusively in the burned prairie. 
Habitat selection was thought to be influenced primarily by the presence or absence of a 
litter layer and, secondarily, by interspecific competition. 
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Several studies have described the interspecies dynamics of the small mammal 
community (Wirtz and Pearson 1960, Chitty and Phipps 1966, Brown 1954, 1956, Grant 
1972). In general, these studies found that Microtus tended to deter Peromyscus from 
using grassland areas they inhabited and that the degree of influence exerted by Microtus 
was a function of Microtus density. The lower the density the less restricted Peromyscus 
were, whereas at higher densities, Microtus were, in some cases, able to exclude 
Peromyscus from the grassland altogether. Physical attributes of the habitat have also 
been described as important as to how a small mammal community is structured. Grant 
and Birney (1979) found herbivores more common in areas of high vegetative coverage 
and granivores more common in areas of low cover. Granivores are adapted to an open 
habitat and a reduction in cover (via fire) may improve the conditions for their existence 
(Grant et al. 1982). 
Biomass 
Rates of change of biomass over time were compared between control plots and 
unrestored plots (Table 6). The slopes of the regression lines for both the control and 
unrestored plots decreased overtime. No significant difference was found between the 
slopes of the regression lines. 
Table 6. Comparisons among the slopes of the regression lines between control plots and 
unrestored plots. 
Fdf and p-values Regression equation 
C v. Un* FU4=0.676, P=0.4248 c biomass freq.=70.83+-0.1576(time) 
Unbiomass freq.=137.1+-0.3970(time) 
*C=control, Un=unrestored, Time=days after burn 
The rate of change of biomass between the two areas was not significant. Both areas 
did show a decrease in biomass over time with less of a decline occurring within the 
control plots. This may have been due to an initial burst of regrowth which has been 
documented to occur following a burn. Substantial regrowth has been reported in areas 
following a burn with plants increasing in density and heartiness (McNaughton 1985, 
Dubis etal. 1988). 
Relative Frequency 
Relative Frequencies of Cover Types (grasses, forbs, woody plants and bare areas) 
To compare the relative frequencies among the cover types, pairwise comparisons 
between control and unrestored plots were conducted by month using G-tests. All 
pairwise comparisons of samples were highly significant indicating that the frequency of 
cover types represented in the control and unrestored plots were statistically different 
(Table 7). Variation was also found to be high among replicates within the control and 
unrestored plots. 
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Table 7. Results of pairwise comparisons of relative frequency for cover types (grasses, 
forbs, woody plants and bare areas) by month for control plots and unrestored plots. 
Date Comparison Gh GP Gt 
8/5/00 C v. Un* 183.00, p<.0001 369.68, p<.0001 552.68, p<0001 
9/8/00 Cv. Un 809.84 ,p<.0001 2597.20, p<.0001 3407.04, p<.0001 
10/21/00 C v.Un 239.09, p<.0001 1156.43, p<.0001 1395.52,p<.0001 
*C=control, Un=unrestored 
The proportion of cover types recorded within the control and unrestored plots by 
month are represented in Figure 5. Grasses accounted for the largest proportion of the 
samples each month within the unrestored area. This was also true in most months for the 
control plots. Forbs accounted for the second most common cover type recorded in both 
areas, with bare areas being the third most common within the control plots. Unrestored 
plots had few bare areas represented. As mentioned in the Results section, woody plants 
were rarely observed within the control plots. Woody plants were recorded consistently 
throughout the study within the unrestored area at a low level. 
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Figure 5. Proportion of cover types (forbs, grass, woody plants and bare areas) 
for control and unrestored plots per month. 
Rate of Change Over Time in Frequency of Cover Types (grasses, forbs, woody plants 
and bare areas) 
Analysis of the slopes of the regression lines comparing rate of change over time for 
cover types revealed the frequency of bare areas remained relatively stable within the two 
sites overtime. The frequency of grasses showed a slightly greater increase within the 
unrestored plots than the control plots over time. The frequency of forbs slightly 
decreased within both the control and unrestored plots. The frequency of woody plants 
QForb 
• Bare 
• Wood 
Q Grass 
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also remained fairly stable in both areas. None of the comparisons yielded significant 
regressions at the p<0.05 level (Table 8). 
Table 8. Comparisons of regression line slopes measuring rate of change in frequency of 
each cover type overtime between control plots and unrestored plots. 
Cover type Fdf and p-values Regression equation 
Bare C v. Un* Fi,224=0.051,P=0.8215 cbare freq.=0.2495+0.0010(time) 
Un
 bare freq.=0.0284+0.0007(time) 
Forb C v. Un FIi224=0.001, P=0.9722 c forb freq.=1.009+-0.0024(time) 
Un
 forb freq.=0.8747+-0.0024(time) 
Grass C v. Un Fi,224=1-651, P=0.2002 c grass freq.=0.5689+0.0007(time) 
Un
 grass freq.=0.3484+0.0035(time) 
Wood C v. Un FI,224=0.6361, P=0.426 c wood freq.=0.1188+-0.0001 (time) 
Un
 wood freq.=0.3392+-0.0008(time) 
*C=control, Un=untreated, Time=days after burn 
A paired sample t-test revealed several significant differences in the comparison of 
mean values for cover types between control and unrestored plots by month (Table 9). 
The mean value of bare areas between the two sites for all months was significantly 
different with the mean value greater for the control plots. The mean value of woody 
plants and grasses was significantly different for the months of September and October. 
The mean value of woody plants was greater for the unrestored plots for both months. 
Though not quite significant for the month of August (p=0.077), the mean value of 
grasses was greater for the unrestored plots for all months. Conversely, the mean value of 
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forbs was greater in the control plots for all months though for August and September the 
values were not significantly different between the two sites (though for September the 
difference was nearly significant with p=0.066). 
Table 9. Comparison of the mean for cover types for control and unrestored plots. Only 
differences found to be significant at the p<0.05 level are reported. 
Date Cover Type Mean 
control 
Mean 
unrestored 
t df P 
8/5/00 Bare 0.409 0.125 -4.020 17 0.001 
9/8/00 Bare 0.407 0.148 -5.000 53 0.000 
Grass 0.601 0.745 2.141 53 0.037 
Wood 0.101 0.242 2.896 53 0.005 
10/21/00 Bare 0.483 0.182 -5.674 53 0.000 
Forb 0.449 0.301 -2.118 53 0.039 
Grass 0.756 1.186 4.721 53 0.000 
Wood 0.101 0.144 3.024 53 0.004 
Selective grazing may have influenced the results of this study which recorded 
markedly fewer forbs in the unrestored area where more Microtus were recorded. As 
discussed earlier, Microtus have been reported as showing selective grazing on forbs over 
grasses (Fleharty and Olson 1969, Bratzli and Cole 1979). However, differences in cover 
types between the two sites may largely be due to the effects of the prescribed burn on 
the control plots (e.g. greater bare areas within the control (burned) area then recorded in 
the unrestored site and the absence of woody plants within the control site). 
APPENDIX II 
In addition to examining the small mammal community's effect on a grassland 
undergoing restoration, the effects of white-tailed deer, Odocoileus virginianus, were also 
incidentally investigated within the area being restored. White-tailed deer were 
commonly observed throughout the study area. Several studies suggest that prescribed 
burns provide more browse for deer by stimulating new growth and improve the 
nutritional value of the forage (Dills 1970, Vogel and Beck 1970, Wood 1988). Thus, rate 
of change in biomass and the relative frequency of cover types (grasses, forbs, woody 
plants and bare areas) were compared between deer exclosures and control plots during 
the primary growing season (August through October) in season I. 
The deer exclosures were located within the burned area adjacent to the control plots. 
Each deer exclosure was 8 m x 8 m in size and fenced with electrical wire fence to 
prevent deer from accessing the vegetation within the plot. Three strands of wire were 
used per exclosure with the lowest strand approximately 0.8m (2.5ft) from the ground 
and the highest strand 2.3m (7.5 ft) above-ground. One four-volt solar charger powered 
the electrical fences. Above-ground biomass was measured by sub-sampling 20 randomly 
located 10 cm x 10 cm sites within each 30 m x 30 m control plot and eight randomly 
located sites within each deer exclosure. Frequency of cover type was measured by 
placing 1 square meter quadrats (consisting of 10 evenly spaced, horizontally crossed 
wires) on 18 randomly located sites within each control plot and six randomly located 
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sites within each deer exclosure. Monitoring of the small mammal community via live 
trapping did not occur within the deer exclosures. 
Vegetation data were examined using similar statistical analyses as described in the 
Materials and Methods section except with the addition of a paired sampled t-test to 
compare mean values for each cover type by month between the control plots and deer 
exclosures. 
Biomass 
Rates of change of biomass over time were compared between control plots and deer 
cxclosures (Table 10). The slope of the regression line for the control plots declined 
slightly whereas the slope of the regression line for the deer exclosures remained stable 
overtime. No significant differences were found between the slopes of the regression 
lines. 
Table 10. Comparisons between the slopes of the regression lines for control plots and 
deer exclosures. 
Fdf and p-values Regression equation 
Cv. D* FU4=0.220, P=0.6458 c biomass freq.=70.83+-0.1576(time) 
D
 biomass freq =21.66+-0.0447(time) 
*C=control, D=deer, Time=days after burn 
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Relative Frequencies 
Relative Frequencies of Cover Types (grasses, forbs, woody plants and bare areas) 
To compare the relative frequencies among the cover types, pairwise comparisons 
between control plots and deer exclosures were conducted by month using G-tests. All 
pairwise comparisons of samples were highly significant indicating that the frequency of 
cover types represented in the control and deer exclosure plots were statistically different 
(Table 11). Variation was also found to be high among replicates within the control and 
deer exclosure plots. 
Table 11. Results of pairwise comparisons of relative frequency for cover types (grasses, 
forbs, woody plants and bare areas) by month for control plots and deer exclosures. 
Date Compariso Gh GP Gt 
8/5/00 C v.D* 101.91, p<.0001 40.86, p<.0001 142.77, p<.0001 
9/8/00 C v.D 93.23, p<.0001 107.44, p<.0001 200.67, p<.0001 
10/21/00 C v . D 163.35, p<.0001 99.21, p<.0001 262.56, p<.0001 
*C=control, D-deer 
The proportion of cover types recorded within the control plots and deer exclosures 
by month is represented in Figure 6. Grasses accounted for the largest proportion of the 
samples each month within the deer exclosures. This was also true in most months for the 
control plots. Forbs accounted for the second most common cover type recorded in both 
areas with bares areas being the third most common within the control plots. As 
mentioned in the Results section, woody plants were rarely observed within the control 
plots. Similarly, bare areas and woody plants were rarely recorded within the deer 
exclosures. 
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Figure 6. Proportion of cover types (forbs, grass, woody plants and bare areas) 
for control and deer exclosure plots per month. 
Rate of Change Over Time in Frequency of Cover Types (grasses, forbs, woody plants 
and bare areas) 
Analysis of the slopes of the regression lines comparing rate of change over time for 
cover types revealed the frequency of bare areas remained relatively stable within the two 
sites over time. The frequency of forbs slightly decreased within both sites while the 
frequency of grasses increased slightly within the deer exclosures overtime. The 
frequency of woody plants also remained rather stable in both areas. None of the 
comparisons yielded significant regressions at the p<0.05 level (Table 12). 
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Table 12. Comparisons of regression line slopes measuring rate of change in frequency of 
each cover type overtime between control plots and deer exclosures. 
Cover type Fdf and p-values Regression equation 
Bare C v. D* FU55=0.050, P=0.8233 c bare freq.=0.2495+0.0010(time) 
D
 bare freq.=0.0089+0.0014(time) 
Forb Cv. D FU55=0.225, P=0.6362 c forb freq =1,009+-0.0024(time) 
D
 forb freq.=0.7117+-0.001 l(time) 
Grass C v. D FI,i55=0.080, P=0.7774 c
 grass freq.=0.5689+0.0007(time) 
D
 grass freq.=0.6409+0.0015(time) 
Wood C v. D Fi,155=3.320, P=0.0704 c wood freq =0.1188+-0.0001 (time) 
D
 wood freq.=0.0640+0.0003(time) 
*C=control, D=deer, Time=days after burn 
A paired sample t-test revealed several significant differences in the comparison of 
mean values for cover types between control plots and deer exclosures by month (Table 
13). The mean value of forbs and grasses was significantly different for the months of 
September and October with the mean value of forbs greater for the control plots for both 
months. Conversely, the mean value of grasses was greater for the deer exclosures for 
both months. The mean values for bare areas and woody plants were not significantly 
different between the two sites for any month (though in October the difference for 
woody plants was nearly significant with p=0.083 with the mean value greater for the 
deer exclosures). 
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Table 13. Comparison of the mean for cover types for control and deer exclosures. Only 
differences found to be significant at the p<0.05 level are reported. 
Date Cover Type Mean Mean t df p 
control Deer 
9/8/00 Forb 1.121 0.651 -3.417 17 0.003 
Grass 0.320 0.843 3.864 17 0.001 
10/21/00 Forb 0.927 0.418 -3.862 17 0.001 
Grass 0.438 0.994 4.007 17 0.001 
In this study, woody plants were rarely observed within either the control plots or the 
deer exclosures. Grasses, on the other hand, were generally more prevalent than any other 
cover type within the two areas. Fire is known to increase the growth of grasses at the 
expense of woody plants (Outwater 1996). Throughout the study, grasses were recorded 
in greater proportion within deer exclosures than within control plots. Since the deer 
exclosures excluded only deer and not the remaining grazing community, deer may have 
influenced the rate of growth for grasses in control plots by foraging on grass sprouts 
occurring after the burn. White-tailed deer have been reported as both browsers and 
grazers and are considered fairly diverse in their choice of food items (Carlson et al. 
1993, Choate et al. 1994). Horsley et al. (2003) reported that the impact deer have on 
vegetation depends on the abundance of preferred food and on deer density. In this study, 
deer had access to all areas outside the deer exclosures including areas outside of the 
study area. As it was not within the purview of this study to assess the amount of deer 
grazing that occurred within the control plots, it is not possible to conclude whether 
differences in vegetation between the deer exclosures and the control plots were a result 
of factors such as deer foraging, plant species competition, environmental factors or a 
combination of factors. 
APPENDIX III 
The following data are from season I (2000) that were collected after October and 
were not included in the analyses reported in the Results section or in Appendices I and 
II. This was done in order to examine the possible effects of prairie voles (and deer) on 
plant community structure during the primary growing season (August through October). 
Small Mammal Community 
Prairie voles captured within treatments, control and unrestored plots for November 
through March are reported in Table 14. Numbers do not reflect voles placed in 
enclosures as stock. 
Table 14. The number of prairie voles captured within enclosure, control, exclosure and 
unrestored plots per month. Numbers in parentheses represent recaptures. 
Month Enclosures Controls Exclosures Unrestored 
Nov* 0 1 1 2 
Dec* 0 0 0 0 
Jan 3(1) 3 2 0 
Feb 1 0 1 0 
Mar 3(1) 0 1 2 
* Due to inclement weather, trapping sessions were truncated. 
Pine voles were also captured within the unrestored plots during January (one, which 
was a recapture) and March (three with one recapture). 
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Microtus versus Peromyscus captures within control and unrestored plots for 
November through March show Peromyscus were captured in greater numbers than 
Microtus during the winter months (Table 15). Though studies discussed in Appendix I 
reported that Microtus tend to deter Peromyscus as the (burned) habitat recovers and 
becomes more suitable for Microtus, it is not unexpected that Microtus numbers may 
decrease during winter months as studies describing the Microtus population cycles have 
documented population peaks in spring and autumn, which corresponds with peak 
breeding times (Choate et al. 1994). 
Table 15. Percentage of captured Microtus spp. and 
Peromyscus spp. for unrestored and control plots. 
Month Unrestored Control 
Nov* Microtus 22% 25% 
Peromyscus 78% 75% 
Dec* Microtus 0 0 
Peromyscus 0 100% 
Jan Microtus 40% 43% 
Peromyscus 53% 57% 
Feb Microtus 0 0 
Peromyscus 100% 100% 
Mar Microtus 61% 0 
Peromyscus 38% 100% 
* Due to inclement weather, trapping sessions were truncated. 
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Biomass 
Biomass samples for all months are presented in Table 16. The comparisons of the 
rate of change between the slopes of the regression lines revealed no significant 
differences with the addition of biomass samples collected 01 December, 2000, 27 
January 2001 and 01 March 2001. 
Table 16. Slopes of the regression lines compared among treatment and control plots as 
well as unrestored and deer exclosure plots with control plots. 
Fdf and p-values Regression equation 
En v. C* Fl,32= =0.032, P=0.8583 Kn biomass freq =61.29+-0.0277(time) 
Ex v. C FI,32= =0.003, P=0.9541 c biomass freq.=43.48+-0.0098(time) 
En v. Ex FI,32= =0.051, P=0.8232 Ex biomass freq.=41,85+-0.0053(time) 
Cv. Un FI,32= =0.019, P=0.8905 Un biomass freq.=72.87+-0.0220(time) 
Cv. D Fl,32= =1.015, P=0.3214 Dbiomass freq.=5.115+0.0520(time) 
*En=enclosure, Ex=exclosure, C=control, Un=unrestored, D=deer, Time=days after burn 
Proportion of cover types 
In addition to the samples analyzed in during the primary growing season, relative 
frequency of cover types was also sampled on 01 December, 2000. The proportion of 
cover types sampled on 01 December, 2000 for the treatments and control plots (Table 
17) as well as for the unrestored and deer exclosure plots (Table 18) were similar to those 
reported an the earlier analyses. 
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Table 17. Proportion of cover types (forbs, grasses and bare areas) for treatment and 
control plots for 01 December, 2000. 
Date and Plot Forb Bare Grass 
Ex* 0.37 0.17 0.45 
En 0.45 0.07 0.48 
C 0.23 0.21 0.56 
*En=enclosure, Ex=exclosure, C=control 
Table 18. Proportion of cover types (forbs, grasses, woody plants and bare areas) for 
unrestored, deer exclosure and control plots for 01 December, 2000 sample. 
Date and Plot Forb Bare Grass Wood 
Un* 006 OOl 092 OOl 
C 0.23 0.21 0.56 0.00 
D 0.13 0.09 0.77 0.00 
*C=control, Un=unrestored, D=deer 
Rate of change in frequency of cover types 
Analysis of the slopes of the regression lines comparing rate of change overtime for 
cover types with the addition of the sample collected 01 December, 2000 yielded two 
significant regressions at the p<0.05 level (Table 19). One significant regression involved 
the decline of bare areas within the enclosure treatment when compared with the control 
plots in which the relative frequency of bare areas remained fairly stable. This is similar 
to what was reported earlier in the Results section. The second significant regression 
involved the comparison of enclosure and exclosure treatments. This analysis showed a 
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decline in the relative frequency of bare areas for both enclosures and exclosures which is 
the same as reported in the Results section, however, the analysis excluding the 01 
December, 2000 sampled showed bare areas within exclosures to decline at a lesser rate. 
All other comparisons were not significant (Tables 19, 20 and 21). Analysis within 
the Results section for the comparison of the slopes of the relative frequency of forbs 
yielded a significant regression between the exclosure treatment and controls Though this 
analysis did not yield a significant result for this comparison, the trend of the relative 
frequency of forbs decreasing within the control plots while increasing within exclosures 
was the same for both analysis. A second significant regression was found in the analysis 
in the Results section concerning the comparison of the relative frequency of grasses 
between the two treatment areas. Grasses within the enclosures increased over time 
whereas they declined within the exclosures. For this analysis, with the addition of the 01 
December, 2000 sample, grasses with the enclosure treatment were also showed to 
increase over time, however, grasses within the exclosure treatment began to level off. 
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Table 19. Comparisons of regression line slopes measuring rate of change in frequency of 
cover type overtime between treatments and control. 
Plots Fdf and p-values Regression equation 
Bare En v. Ex* Fl,320= =4.559, P=0.0335 t n bare freq.=0.7845+-0.0024(time) 
Env. C Fl,320= =6.973, P=0.0087 Ex bare freq.=0.4812+-0.0006(time) 
Ex v. C FI,320= =0.448, P=0.5039 c bare freq.=0.3786+0.0002(time) 
Forb En v. Ex F 1,320" =0.602, P=0.4385 En forb freq.=0.8780+-0.0004(time) 
Env. C FI,320= =0.471, P=0.4931 Ex forb freq.=0.6400+0.0004(time) 
Ex v. C Fl,32(f =1.893, P=0.1698 c forb freq.=0.7786+-0.0012(time) 
Grass En v. Ex F 1,320= =3.158, P=0.0765 En grass freq =0.1282+0.0025(time) 
Env. C Fl,320= =1.386, P=0.2399 Ex grass freq.=0.5745+0.0003(time) 
Ex v. C Fl,32(f =0.179, P=0.6726 c grass freq.=0.5824+0.0008(time) 
*C=control, En=enclosure, Ex=exclosure, Time=days after burn 
Table 20. Comparisons of regression line slopes measuring rate of change in frequency of 
each cover type overtime between control plots and unrestored plots. 
Cover type Fdf and p-values Regression equation 
Bare C v. Un* F1;320=0.263, P=0.6081 cbare freq.=0.3786+0.0002(time) 
Un
 bare freq.=0.1421+0.0000(time) 
Forb C v. Un Fi,320=1-024, P=0.3123 c forb freq.=0.7786+-0.0012(time) 
Un
 forb freq.=0.8114+-0.0022(time) 
Grass C v. Un FI,320=7.021, P=0.0084 c
 grass freq.=0.5824+0.0008(time) 
Un
 grass freq.=0.5013+0.0030(time) 
Wood C v. Un FI,320=2.796, P=0.0955 c wood freq.=0.0479+0.OOOO(time) 
Un
 wood freq.=0.2788+-0.0005(time) 
*C=control, Un=untreated, Time=days after burn 
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Table 21. Comparisons of regression line slopes measuring rate of change in frequency of 
each cover type overtime between control plots and deer exclosures. 
Cover type Fdf and p-values Regression equation 
Bare C v. D* Fi,221=0.033, P=0.8564 c bare freq.=0.3786+0.0002(time) 
D
 bare freq.=0.1810+0.0004(time) 
Forb Cv. D Fi,221=0.007, P=0.9317 c forb freq.=0.7786+-0.0012(time) 
D
 forb freq.=0.7217+-0.0014(time) 
Grass C v. D Fi :22i=0.057, P=0.8119 c grass freq.=0.5824+0.0008(time) 
D
 grass freq =0.7477+0.0012(time) 
Wood C v. D Fi,221=0.074, P=0.7861 c
 wood freq.=0.4793+0.0000(time) 
D
 wood freq.=0.0857+0.0001 (time) 
*C=control, D=deer, Time=days after burn 
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